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Abstract

Objectives: This study investigated the effects of alpha-tocopherol and beta-carotene supplementation on the
incidence of gastric cancer.
Methods: A total of 29,133 male smokers, aged 50–69 years, participated in a placebo-controlled prevention trial,
the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study in southwestern Finland between 1985 and
1993. The men were randomly assigned to receive alpha-tocopherol (50 mg/day) or beta-carotene (20 mg/day)
supplementation in a 2 · 2 factorial design. We identified 126 gastric cancer cases during the median follow-up of
six years. Of these, 122 were adenocarcinomas: 75 of intestinal type, 30 of diffuse type, and 17 of mixed type.
Results: There was no significant effect for either supplementation on the overall incidence of gastric cancer: relative
risk (RR) 1.21, 95% confidence interval (CI) 0.85–1.74 for alpha-tocopherol, and RR 1.26, 95% CI 0.88–1.80 for
beta-carotene. Subgroup analyses by histologic type suggested an increased risk for beta-carotene on intestinal type
cancers, RR 1.59, 95% CI 0.99–2.56. There were no differences across anatomic locations (cardia/noncardia) in the
effects of alpha-tocopherol or beta-carotene supplementation.
Conclusions: Our study found no overall preventive effect of long-term supplementation with alpha-tocopherol or
beta-carotene on gastric cancer in middle-aged male smokers.

Introduction

Gastric cancer remains the second most common cancer
and cause of cancer death throughout the world [1],
although its incidence has been declining in the western
industrialized world. The areas with the highest inci-
dence rates are in eastern Asia, South America, and
eastern Europe. Low rates are found in North America,
northern Europe, and most of Africa [2]. In the 1950s
gastric cancer was the leading cancer of both men and
women in Finland, but since then a steady decrease in
the risk has taken place, and in 1999 gastric cancer was
the fifth most common incident cancer among Finnish
men and the ninth among women (http://www.cancer-
registry.fi/eng/statistics.htm) [3]. The age-adjusted rela-

tive 5-year survival rate remains poor, however, at
approximately 20% [2].
Most stomach cancers are adenocarcinomas which

can be further divided into two histologic subcategories:
an intestinal type with cohesive neoplastic cells forming
glandlike tubular structures, and a diffuse type in which
individual cells infiltrate and thicken the stomach wall
without any discrete mass [4]. The intestinal type of
adenocarcinoma predominates in high-risk areas,
whereas the incidence of the diffuse type is similar in
most populations throughout the world [2].
The etiology of gastric carcinoma is multifactorial and

most commonly develops after a long period of atrophic
gastritis [5]. The incidence of gastric cancer increases
rapidly after the age of 40 and the highest incidence is
found in the oldest age groups, in both men and women
[5]. However, the intestinal type rises faster with age
than the diffuse type and is more frequent in men
than in women. Helicobacter pylori infection has been
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recognized as a significant risk factor for gastric cancer
[6]. H. pylori has been shown to induce the phenotypic
changes (including mucosal atrophy, intestinal meta-
plasia, and dysplasia) leading up to the development of
adenocarcinoma. The association between H. pylori
infection and gastric cancer has not been restricted to
either histologic type of adenocarcinomas or to any
specific subsite within the stomach [6].
The intestinal type of gastric cancer has also been

related to diet. A high intake of fresh fruit and
vegetables is associated with lower risk, with ascorbic
acid, carotenoids, folates, and tocopherols suggested as
the protective agents. Foods associated with high risk
include smoked fish or meats, pickled vegetables, and
excessive salt intake [1]. Studies on alcohol and tobacco
have yielded inconsistent associations [5].
The aim of the present study was to investigate the

effect of supplemental alpha-tocopherol and beta-caro-
tene on gastric cancer incidence in older male smokers
participating in a controlled cancer prevention trial. In
addition, we studied the effect of these supplements on
different histologic subtypes of gastric cancer, as well as
the effect on anatomic subsites (cardia or noncardia).

Materials and methods

This study was conducted as part of the Alpha-Toco-
pherol, Beta-Carotene Cancer Prevention (ATBC)
Study, a randomized, double-blind, placebo-controlled,
two-by-two factorial primary prevention trial that tested
the effect of alpha-tocopherol (50 mg/day) and beta-
carotene (20 mg/day) supplementation on lung cancer
incidence [7]. Participants in the trial were male smokers,
aged 50–69 years at study entry, who lived in southwest-
ern Finland. In all, 29,133 men were recruited into the
trial between 1985 and 1988, and the trial ended on 30
April 1993 after 5–8 years of active intervention (median
6.1 years). At baseline a detailed dietary history ques-
tionnaire was obtained, weight and height were mea-
sured, and a fasting serum sample was taken. Study
eligibility was assessed before randomization; subjects
with prior cancer or serious illness, or those using vitamin
E, A, or beta-carotene supplements, were excluded.

Endpoint assessment

The cancer cases were identified through the Finnish
Cancer Registry (FCR), and death certificates. The FCR
collects data on all cancer cases in Finland and the
coverage and accuracy of their data have been evaluat-
ed: almost 99% of all cancers nationwide can be found
in files of the FCR [8].

During the trial 130 gastric cancers (ICD9 code 151)
were identified and confirmed from the study popula-
tion. The medical records were collected and reviewed
by two oncologists and the histology was checked and
determined according to the Lauren classification [4] by
two pathologists. Four carcinoid tumors were excluded,
leaving 126 cases for analysis. There were 122 cases with
histology being adenocarcinoma, of which 75 cases were
of the intestinal type, 30 cases were of the diffuse type,
and 17 cases were of mixed type. One case was
unspecified carcinoma, and three cases were based on
clinical diagnosis with no histology available. Gastric
cancers were also coded according to the anatomic
subsite within the stomach: 28 cardia cancers and 98
noncardia cancers. Nearly all cardia cancers were of the
intestinal type, with only two cases being of the mixed
type, and one case of diffuse type adenocarcinoma. Of
the noncardia cancers, 50 were intestinal type adeno-
carcinomas, 29 were of the diffuse type, and 15 of the
mixed type. The three clinical cases and the one case of
unspecified carcinoma were all noncardia cancers.
Staging was based on the criteria of the American

Joint Committee on Cancer [9]. Of the 126 cases, 40
(32%) were stage I, 13 (10%) were stage II, 27 (21%)
were stage III, and 46 (37%) were stage IV when
diagnosed.

Statistical analysis

Analyses estimating the effects of trial supplementation
on gastric cancer incidence were based on the intention-
to-treat principle, and relative risks with their 95%
confidence intervals were calculated using the propor-
tional hazards model [10]. Interactions between baseline
characteristics and study supplementation were tested
with the same model.
Follow-up time accumulated from randomization to

date of diagnosis of gastric cancer, death, or 30 April
1993 whichever occurred first. We tested the interaction
between study supplementation and continuous back-
ground variables as quartiles using a categorical indica-
tor variable for each quartile. These included baseline
intake and serum concentration of alpha-tocopherol and
beta-carotene; age; body mass index; intake of alcohol,
vitamin C, sodium, nitrates and nitrites; years as a
smoker; and number of cigarettes smoked per day. We
also studied the interaction between trial supplementa-
tion and recruitment area, history of gastric ulcer at
baseline, and baseline serum pepsinogen I level. The
interaction between study supplements and the presence
of H. pylori infection was studied in a case–cohort
setting with nearly all cases (118 out of 126 had serology
available) and 285 noncases. The noncases were a

618 N. Malila et al.



random sample of study subjects free of gastric cancer
by 30 April 1993. Anti-H. pylori IgA and IgG were
determined separately by enzyme immunoassay [11].
The sensitivity and specificity of the IgA test were 73.1%
and 95.1% and for the IgG test, 93.7% and 93.9%.
H. pylori status was considered negative if both IgA and
IgG antibodies were negative in the baseline serum (cut-
off points 1:70 for IgA and 1:700 for IgG antibodies),
and positive if either was positive.
The associations between baseline dietary and serum

alpha-tocopherol and beta-carotene (modeled as quar-
tiles) and the incidence of gastric cancer were calculated
by Cox models adjusting for study supplementation
(alpha-tocopherol versus no alpha-tocopherol or beta-
carotene versus no beta-carotene), and in serum analyses
additionally for age, number of cigarettes smoked per
day, and serum cholesterol concentration.

Results

Table 1 shows the numbers of gastric cancer cases by
anatomic subsite and specific histology in the four
supplementation groups. The incidence rates were high-
er in all active agent supplementation groups compared
to the placebo group, but the relative risk estimates did
not differ significantly from one (Table 2). When com-
paring those supplemented with alpha-tocopherol to
those not supplemented with alpha-tocopherol the

relative risk (RR) for gastric cancer was 1.21 (95%
confidence interval, CI, 0.85–1.74), and the respective
RR for beta-carotene was 1.26 (95% CI 0.88–1.80)
(Table 3). The Kaplan–Meier cumulative incidence for
alpha-tocopherol and beta-carotene supplementation
indicated no clear difference between the curves (Fig-
ure 1).
Subgroup analyses of cardia cancers showed no effect

for alpha-tocopherol supplementation but suggested
excess incidence for beta-carotene supplementation
(RR 1.81, 95% CI 0.82–3.98) (Table 3). For noncardia
cancers there was no effect for either supplement. When
the histologic subtype was taken into consideration,
beta-carotene supplementation showed a nearly signif-
icant increase in risk for adenocarcinomas of the
intestinal type (RR 1.59, 95% CI 0.99–2.56).
Alpha-tocopherol supplementation increased slightly,

though not significantly, the risk of advanced gastric
cancer (stages III and IV) (RR 1.44, 95% CI 0.89–2.31),
whereas it showed no effect on localized disease (stages I
and II) (RR 0.96, 95% CI 0.56–1.67). The beta-carotene
effect was similar in both local and advanced cases (data
not shown).
Statistically significant interactions between study

supplementation and other characteristics were ob-
served for vitamin E intake and H. pylori status, and a
suggestive trend was observed with increasing age for
both agents (Table 4). Other variables examined, includ-
ing baseline serum concentration of alpha-tocopherol

Table 1. Incident gastric cancer cases in the ATBC Study (intervention period) according to supplementation group

Gastric cancers No. of cases Placebo Alpha-tocopherol Alpha-tocopherol and beta-carotene Beta-carotene

All cases 126 24 32 37 33

Subsite

Cardia 28 4 6 8 10

Noncardia 98 20 26 29 23

Adenocarcinoma subtypea 122

Intestinal 75 13 16 21 25

Diffuse 30 7 8 9 6

Mixed 17 3 7 5 2

a Three clinical cases and one unspecified carcinoma not included.

Table 2. Incidence rates, relative risks, and 95% confidence intervals (CI) for gastric cancer in the four ATBC Study supplementation groups

Placebo Alpha-tocopherol Alpha-tocopherol and beta-carotene Beta-carotene

Participants 7,287 7,286 7,278 7,282

Gastric cancers 24 32 37 33

Person-years 42,530 42,439 42,300 42,359

Rate/10,000 person-years 5.64 7.54 8.75 7.79

Relative risk (95% CI) 1.00 1.34 (0.78–2.29) 1.55 (0.92–2.62) 1.38 (0.81–2.36)

Alpha-tocopherol and beta-carotene in gastric cancer 619



or beta-carotene; age; body mass index; intake of beta-
carotene, alcohol, vitamin C, sodium, nitrates, and
nitrites; years as a smoker; number of cigarettes per day;
recruitment area; history of gastric ulcer; and baseline
serum pepsinogen I level did not modify the effect of
either supplement.
Baseline intakes and serum concentrations of alpha-

tocopherol and beta-carotene were not materially asso-
ciated with subsequent gastric cancer (data not shown).

Discussion

We found no overall effect for alpha-tocopherol or beta-
carotene supplementation on the incidence of gastric
cancer in older male smokers. Only three primary cancer
prevention trials have reported findings concerning
effects of supplements in relation to gastric cancer
outcomes. Our null result for beta-carotene was similar
to that of the Physicians’ Health Study, where 19 gastric
cancer cases were identified in the beta-carotene group
and 21 in the placebo group [12]. The number of cases in
that trial was substantially smaller, however, than in the
ATBC Study. The Nutrition Intervention Trial in the
general population from Linxian, China, found a 16%
reduction in gastric cancer incidence and a 21%
reduction in gastric cancer mortality among partici-
pants who received the combination of beta-carotene,
vitamin E, and selenium [13]. Over three-fourths of the
cases were from the cardia, but results for both cardia
and non-cardia were similar. The specificity of these
findings is complicated due to the use of an antioxidant
cocktail, and generalizability to well-nourished western
populations is compromised since this population in
China was marginally deficient in a number of nutrients.
Another trial in Linxian was conducted in persons with
esophageal dysplasia who were randomly assigned to
receive daily supplementation with 14 vitamins and 12
minerals (including 15 mg beta-carotene and 60 IU

alpha-tocopherol) or placebo [14]. No effect was ob-
served during this six-year intervention on overall
gastric cancer incidence or mortality; however, among
the small number of incident gastric cancers in the
noncardia (n¼ 18), the relative risk was significantly
higher in the supplemented group. A factorial chemo-
prevention trial in a high-risk population in Colombia
found an increased rate of precancerous gastric lesion
regression among participants supplemented with ascor-
bic acid or beta-carotene, or treated with triple therapy
for H. pylori infection compared to the placebo group
[15]. However, care is suggested in interpreting these
findings because almost all of the benefit appeared to be
due to the especially low regression rate in the placebo
group [16].
Epidemiologic studies have implicated a role for

consumption of fruits and vegetables and intake of
antioxidants, such as vitamins E and C and carotenoids,
in gastric carcinogenesis. Why, then, do the results of
controlled trials differ from these findings? It may be
that other compounds found in fruits and vegetables are
responsible for the inverse associations in epidemiologic
studies. It is also possible that antioxidants have a
favorable effect in an early phase of carcinogenesis and
studies of dietary intake usually reflect longer-term
exposures (even lifelong) than the six years that our trial
covered.
In histologic subtype analyses there was a suggestion of

increased risk of intestinal adenocarcinomas in the beta-
carotene group that was not formally significant. This
finding should be interpreted cautiously, however, since
it was not based on an a-priori hypothesis, may have
occurred by chance due to multiple comparisons, and
there we are aware of no biological mechanism through
which beta-carotene could exert such an influence.
Previous epidemiologic studies reporting histologic

subtypes of gastric adenocarcinoma are sparse. Case–
control studies in Sweden, Italy, and the US have
reported associations between dietary beta-carotene and

Table 3. Relative risks (RR) and 95% confidence intervals (CI) of gastric cancer for the supplementation groups compared to the groups not

receiving the supplements

Gastric cancers No. of cases Alpha-tocopherol vs no alpha-tocopherol Beta-carotene vs no beta-carotene

RR 95% CI RR 95% CI

All cases 126 1.21 0.85–1.74 1.26 0.88–1.80

Subsite

Cardia 28 1.00 0.47–2.13 1.81 0.82–3.98

Noncardia 98 1.27 0.85–1.89 1.13 0.76–1.68

Histologic type

Intestinal 75 0.98 0.61–1.55 1.59 0.99–2.56

Diffuse 30 1.53 0.88–2.67 1.00 0.48–2.08
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Fig. 1. Kaplan–Meier cumulative incidence curves for those supplemented with alpha-tocopherol (AT) (top panel) and those not supplemented

with alpha-tocopherol (no AT) and respective curves for beta-carotene (BC) (lower panel) and no beta-carotene (no BC) supplementation.

Number of cases at risk by year below the figure for both supplementation arms separately.
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gastric cancer separating intestinal cancers and diffuse
cancers [17–19]. In these studies dietary beta-carotene
was significantly inversely related to adenocarcinomas
of the intestinal type. A prospective case–cohort study
from the Netherlands observed a positive association
between beta-carotene intake and gastric carcinoma, but
subgroup analyses among different histologic subtypes
were not available from this study [20]. Additional
studies suggest a role for fruit and vegetable consump-
tion per se [21].
In conclusion, we did not find any preventive effects of

alpha-tocopherol or beta-carotene supplementation,
taken for an average of 6.1 years, on the overall
incidence of gastric cancer.
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